Abstract For a discrete time network of generalized Bernoulli servers with unreliable nodes we derive the steady state probabilities for the joint queue length vector for all nodes and the availability status of the network. This allows us to assess the performance behavior and the reliability, resp. availability, of the network in an integrated model. Because our result exhibits a product form for the steady state distribution it opens the path to fast algorithmic evaluation of the desired performance and reliability indices. This research is part of the DFG-research project "Stochastische Netzwerke in diskreter Zeit: Analyse von Leistung und Verfügbarkeit" (DA774/1-1).
UP(x) = {i ∈ {1, 2, . . . , J } | 2 x i = 0}; set of up-stations in state x; see (12) on p. 20. UP OCC (x) = {i ∈ {1, 2, . . . , J } | n( 1 x i ) > 0, 2 x i = 0}, set of active stations in state x; see (13) on p. 21. Succ (x) Set of successor states of state x with respect to the original system (see p. 20). Succ(y)
Set of successor states of state y with respect to the reversed system (see p. 28).
Introduction
In this note we study the asymptotic and stationary behavior of discrete time queueing networks. We extend product form results for discrete time open queueing networks [10, 12, 21, 43, 53] , to include availability of unreliable nodes and state dependent arrival intensities. In continuous time queueing network theory, product form calculus has been proven to be (possibly) the best route to efficient algorithms. Our contribution is in the same spirit: We provide explicit steady state distributions for the networks which (as in continuous time) show in equilibrium separability of the global state probabilities into factors which are determined by local characteristics only. Our main result shows, even more, that separability holds for the queue lengths as well as for the availability of the nodes in the networks.
The field of discrete time queueing theory has developed considerably since around fifteen years ago, motivated by the introduction of the ATM protocol in highspeed transmission networks; for a short introduction see [5, Chap. 4] . For a survey on discrete time networks see the books [5, 8, 10, 49] . The results described in these books are on classical topics of performance analysis for queueing systems and their networks.
Considering also availability of the nodes, with the model investigated in this note we bridge for discrete time networks the gap to the area of performability (= performance + reliability) where performance characteristics and availability (and their interaction) are studied in integrated models; for a survey see [18] .
The model:
We consider an open network with general topology. The nodes are generalized Bernoulli servers under First-Come-First-Served (FCFS). Customers arrive with an intensity which depends on the total population size in the network. They are of different types, and their type determines the route by which they want to pass through the network.
Nodes may break down randomly; repair time is random. Nodes which are up work properly; down nodes do not work at all, and customers are frozen there, while newly arriving customers bypass these nodes (this is the jump over protocol often introduced to resolve blocking in networks of queues; see [45] ).
We further impose on the network model a regulation scheme that suppresses concurrent movements of customers. This regulation scheme is intimately connected to the so-called ALOHA protocol, [27, Sect. 5.11], [49, Sect. 6 .2], which was introduced in transmission networks to resolve access conflicts to a shared medium by several users.
